1 Received for publication 3 May 1976. This paper is based on a portion of a dissertation submitted by the senior author in partial fulfillment of the requirements for the Doctor of Philosophy Degree at Iowa State University. b. The surface layer of cells has light-staining nuclei and relatively small cytoplasmic inclusions. c. No provascular tissue is present in the apex of the dormant embryo. 2. Leaf initation:
a. There are usually no leaf primordia in dormant embryos of the Pinaceae. b. Mitotic resumption is acropetal, beginning in the axil of the cotyledon and the apex. c. Protein bodies are usually digested prior to the appearance of the first leaves. d. The first leaves are always initiated alternate to the cotyledons. Mia and Durzan (1974) presented the first ultrastructural observations of the shoot apex in a gymnosperm embryo. They did not measure the lipid and protein bodies, but did note that they were smallest in the surface cells of the apex, a phenomenon also noted in Picea abies (Gregory and Romberger, 1972) and in Pinus radiata (Riding, 1972; Riding and Gifford, 1973) . Mia and Durzan' s observations made comparisons only at o hr and 96 hr post-imbibition and did not include any developmental sequences. None of the previously-mentioned authors provided quantitative histochemical data to describe the apex during ontogeny. Therefore, microspectrophotometry and electron microscopy (transmission and scanning) were used to describe how various cytochemical and ultrastructural parameters of the shoot apex of Pinus banksiana Lamb. may be related to the initiation of the first leaf primordia during the first few days of germination. 207 NUMEROUS intra-and intercellular processes are correlated in seed germination. In the majority of seed plants, germination is first visible when the seed coat splits and the root protrudes. There is another morphogenetic event which occurs in pine seeds about the same time as root elongation, but it is not externally visible-the shoot apex enlarges and produces the first whorl of leaf primordia.
Varying numbers of leaf primordia have been found in dormant embryos of Gnetum scandens (Griffith, 1859) , Gnetum gnemon (Bower, 1882) , Ginkgo biloba (Lyon, 1904) , Dioon spinulosum (Dorety, 1919) , and Cedrus libanotica (Buchholz and Old, 1933) . No leaf primordia were found in the dormant embryos of Pseudotsuga menziesii (Allen, 1947) , Picea abies (Gregory and Romberger, 1972) , Pinus strobus (Spurr, 1949) , P. ponderosa (Tepper, 1964) , P. lambertiana (Fosket and Miksche, 1966; Berlyn, 1967) , P. radiata (Riding, 1972; Riding and Gifford, 1973) and P. banksiana (Unger, 1953; Chouinard, 1959; Mia and Durzan, 1974) .
Based upon the work by the above-mentioned authors, several features are noted regarding apex organization and leaf initiation during germination in gymnosperms:
1. Organization of the apex: a. Cytohistological zonation mayor may not be present when leaves are initiated (not present in P. banksiana). MATERIALS AND METHODs-The jack pine seeds (Institute of Forest Genetics, #5150) used in this study were collected from a large stand in the Ottawa National Forest, Upper Peninsula, Michigan, in the fall of 1969. Seeds were germinated (90 % success) on two layers of moist blotter paper in petri dishes in a growth chamber under 17 hr light at 24 C and 7 hr dark at 21 C. Collections were made at dormancy (0 hr), 12,24,36,40,44,48, 52, 56, 60, 64, 68, 72, 76, 80, and 84 hr postimbibition. RNA and proteins were fixed for 2 hr in Carnoy's fixative and washed for 36 hr in running tap water. Fixed embryos were dissected from the gametophytes, and the cotyledons were removed to expose the apex. The embryos were bulk stained with cresyl violet for RNA (Ritter, Di-Stefano, and Farah, 1961) or with mercuric bromphenol blue for proteins (Mazia, Brewer, and Alfert, 1953) . The apex was cut off with a razor blade fragment and squashed on a slide (Conger and Fairchild, 1953) . Coverslips of uniform thickness were mounted in refractive index oil (n-D1.554). RNA was measured at 585 nm and proteins at 610 nm with a Barr and Stroud GN 2 integrating microdensitometer.v 3 Fifty random cells (10 isolated cells from each of 5 apices) were measured for each collection time. An entire collection series of embryos was fixed, embedded in 56 C Tissuemat, sectioned at 6 }Lm and stained with mercuric bromphenol blue for demonstrating protein bodies. Polarization optics were used to detect any birefringence in the protein bodies.
The embryos were fixed for DNA in 10 % neutral formalin for 18 hr, then washed for 36 hr in running tap water to remove residual aldehydes from the tissue. They were then dehydrated in an ethanol-n-butanol series, infiltrated with 56 C Tissuemat, and sectioned at 5 }Lm. Chicken erythrocytes, which were used as an internal standard to reduce slide-to-slide variation in the Feulgen reaction, were smeared on the slides before mounting the paraffin ribbons. The dry mass of 100 random erythrocyte nuclei was measured by using a Zeiss universal microscope and interference optics before and after DNA extraction. The difference in dry mass, 2.43 X 1O-12g, is the amount of DNA per erythrocyte nucleus.
The paraffin ribbons were then mounted and stained for DNA with the Feulgen technique (Leuchtenberger, 1958) after hydrolysis in 5N HCI for 25 min at room temperature (Fox, 1969) . To measure the nuclei in the sectioned apices, the two-wavelength method (Patau, 1952; Ornstein, 1952) was used. The spectral curves used for determining the proper wavelengths (570 nm and 505 nm) were made with Swift and Rasch's plug method (1956) . Each nucleus was measured with an ocular micrometer to determine the two diameters, A and B, where B is the longest. The volume of the nuclear section (V = 1,4 7r AB· d, where d =section thickness (5 }Lm)) was extrapolated to the volume of a whole nucleus (V =~7r AB2). The ratio of the two volume equations was reduced to 0.133 B and this amount multiplied by the amount of DNA per nucleus section to give the whole nucleus value.
DNA measurements were made with a Leitz MPV microspectrophotometer equipped with a xenon burner and an in-line mirror monochromator. One hundred nuclei (10 random nuclei from each of 10 apices) were measured at each collection time. Feulgen values of both erythrocyte and jack pine nuclei were determined and the relative values for jack pine were converted to picograms DNA (10-12g) from the ratio:
Erythrocyte Feulgen
Jack Pine Feulgen 2.43 X lO-12g Jack Pine DNA (l0-"'g)
The projected area of the chromatin was determined with the technique of Rasch and Rasch (1970) . The DNA values from 0 to 76 hr were arranged in cumulative frequency distributions and plotted on normal probability paper to ascertain the population profiles (King, 1971) . When a cumulative normal distribution of a population sample is plotted on normal probability paper, it appears as a straight line. Thus, a technique is available which allows one to test whether a sample is from a normal distribution. If the cumulative frequency distribution is plotted and does not appear as a straight line, the sample is not considered to be from a normal distribution but from a heterogeneous population. Thus, when attempting to describe a population of cells, as in this study, a probit analysis gives an easily-interpreted graphical representation of the data.
Stain specificity for DNA was checked with DNAase and perchloric acid, RNA with RNAase, and proteins with deamination and acetylation controls.
For transmission electron microscopy (TEM) excised embryos were collected at 48, 56, 65, 72, 108, and 168 hr post-imbibition and fixed for 4-6 hr in cold 3 % glutaraldehyde (GA): 1 % paraformaldehyde in 0.05 M P0 4 buffer (pH 7.2) and 25 drops of 30 % H 202 per 50 ml fixative to enhance membrane contrast (Peracchia and Mittler, 1972) . After the excised embryos were rinsed in cold 3 % GA, the cotyledons were cut off above the tip of the apex and the embryo excised just below the apex. Apices were fixed further in cold 3 % GA for 16 hr, rinsed in the same buffer and post-fixed in 1 % OS04 in the same buffer for 2 hr at room tempera- February, 1977] CECICH AND HORNER-SHOOT APEX OF PINUS BANKSIANA 209 ture. After the apices were rinsed in buffer, they were dehydrated in acetone, embedded in Epon (Luft, 1961) , sectioned with a diamond knife on an LKB Ultrotome III and viewed on an Hitachi HU-11C electron microscope. From 20 to 60 meristems were examined at each collection time. One hundred protein bodies and 100 lipid bodies were measured with a mm ruler on EM prints to estimate size variation between those in the outer layer and the inner layers of cells.
For scanning electron microscopy (SEM), materials were collected at 48, 72, 108, and 168 hr post-imbibition and handled the same way as for TEM, except that after fixation, the excised apex-hypocotyl, with cotyledons completely removed, was dehydrated in 10 % increments of ethanol, passed into Freon TF in 10 % increments, and dried in a critical point apparatus with CO 2 • After drying, the materials were mounted on silver-coated tape which was silver-cemented onto a 1 em-brass plate, coated with carbon and gold, mounted on stubs and observed in a JEOL JSM-1 SEM.
Photomicrographs were taken with a Wild-Herrbrugg M-12 microscope equipped with a Wild Plane Fluotar bright field objective of 20 X, and a lOx wide-field, high-eyepoint ocular. The light source was a Wild Universal lamp housing with a quartz iodide bulb operated at 6 Y, in conjunction with a Wratten No. 22 filter. The camera apparatus consisted of a Wild MKa4 PhotoAutomat, combined with an Exakata 35 mm camera body and Kodak Panatomic-X film. Statistical procedures were from Steel and Torrie (1960) .
RESULTs-In the first 48 hr of germination, apex volume increases because of cell enlargement, not because of an increase in cell numbers (Allen, 1947; Chouinard, 1959) . During this time the sites of the future primordia can be seen on the lower flank of the apex, between adjacent cotyledons ( Fig. 1 ). Mitosis begins in the peripheral region at 52 hr and by 68 hr occurs throughout the apex, preceding the appearance of the first leaf primordia at about 72 hr ( Fig. 2) .
At 108 hr the primordia have elongated and begun to envelop the shoot apex ( Fig. 3 ). At 168 hr (Fig. 4 ) the primordia completely cover the apex and one leaf primordium from the second whorl is visible between two of the first leaves.
There is a regular decrease in Feulgen absorption from 0 hr to 24 hr. The 0 hr nuclear volume (NY) is 534 p'm 3 and the nuclei are fully imbibed by 12 hr (NY at 12 hr =594 p'm 3 and NY at 24 hr =602 p.m 3 ) . The 11 % increase in nuclear volume between 0 hr and 12 hr agrees with the 11 % increase found by determining the relative projected area of the chromatin (11.54 and 12.85 square units, respectively, significantly different at the 5 % level of probability). The average amount of DNA per nucleus from 0 hr to 76 hr is sum-marized in Fig. 5 and Table 1 . The probability plots of the DNA values ( Fig. 6) show straight lines, indicating a normal distribution, until 44 hr, when a broken line was observed, indicating that a heterogeneous population was present; that is, DNA synthesis had begun. There was a significant reduction in DNA quantity at 68 hr, as indicated by the t-test, coinciding with the proliferation of mitoses and the increase in the number of 2 C nuclei. A one-way analysis of variance indicated a significant difference in DNA quantity among collection times.
There was a significant increase in RNA from o to 12 hr and from 12 to 52 hr ( Fig. 5 ), almost doubling the quantity during the first 52 hr. The peak at 52 hr was followed by a significant loss at 56 hr and then a gradual reduction. A nested analysis of variance indicated a significant difference among their means. The mean protein values from 0 to 36 hr were the same, except for the 12 hr collection which was significantly lower. The significant decrease after 36 hr was, in part, a measurement of the hydrolysis of reserve protein bodies. Microscopic observations indicated a reduction in the number of protein bodies beginning approximately at this time ( Fig. 7, 8) . A linear regression analysis was applied to the means from 40 to 84 hr (a = 418.68, b = 0.36) and indicated a non-significant increase with time. A nested analysis of variance showed significant differences among their means. Relative amounts of RNA and total proteins per cell are summarized in Fig. 5 and Table 1 .
The abundance of lipid bodies in the cytoplasm of all cells of the embryo is the most prominent ultrastructural feature (Fig. 9 ). The lipid bodies in the cells of the surface layer of the apex were significantly smaller in diameter (0.618 ± 0.095 p.m) than those in the rest of the apex and the hypocotyl (0.971 ± 0.027 p.m). There was no noticeable reduction in the number of lipid bodies per cell from 48 to 65 hr. At 72 hr there was a slight reduction in lipid bodies; in fact, in one collection many lipid bodies appeared to be in various stages of degradation, as indicated by myelinlike figures within them (Fig. 10, 11) . These myelin-like figures were seen at almost all collection times, but only as occasional, random occurrences. Accumulations of lipid bodies were found in the apical initials even in the 168 hr collections ( Fig. 12) .
Microbody identification was based on the granular texture of its contents, its small size, and the fact that it is bounded by a single membrane. These microbodies are probably glyoxysomes, organelles which contain the key enzymes for the glyoxylate cycle (Breidenbach, Kahn, and Beevers, 1968 ), because of their association with lipid bodies instead of photosynthetic plastids (Fig.  13) . The microbodies were present and numer- ous in all collections, even though lipid digestion was not apparently occurring.
During preliminary work to select optimum fixation, protein bodies (PB's) in the embryos at 36 hr appeared to be without inclusions and showed little evidence of digestion. Since ultrastructural observations were begun at 48 hr, only partially digested PB's were observed in the shoot apex (Fig. 14) . This agrees with the reduction in protein content per cell after 36 hr, as detected by cytophotometry ( Fig. 5) . Figures 15 and 16 show the appearance of PB's at 65 and 72 hr postimbibition, respectively, after further digestion of the matrix. The resulting PB vacuoles (GuiIlier-mond, 1941) did not increase in size or fuse during the first 168 hr of germination. With polarization optics, no birefringence was observed in the PB's of paraffin-or Epon-embedded embryos or gametophytes from dormancy (0 hr) through completion of PB digestion, indicating the lack of crystalline inclusions.
Like the lipid bodies, the PB's in the surface layer of the apex were significantly smaller in diameter (0.81 ± 0.03 ftm), as determined by the F test, when compared to those in the subsurface cells of the apex and the cortical cells of the hypocotyl (2.20 ± 0.08 ftm).
The number of Golgi bodies increased significantly in each successive collection between 56 and 108 hr (Fig. 17 ). There were about 10 plastids per field of view at 3670 X from 48 to 65 hr, increasing to 14 plastids at 72 hr (Fig. 18 ). The number of starch grains per plastid was significantly reduced from 0.66 starch grains at 48 hr to 0.19 at 65 hr (Fig. 18) . Osmiophilic globules were always present in the plastids. Invaginations of the inner surrounding membrane of the plastids were always present, but were more visible when the stroma density increased at 72 hr. Prolamellar bodies were observed in one 65 hr collection. The number of lamellae occasionally increased at 108 and 168 hr. Stroma density was greatest at 168 hr.
In the 48, 56, and 65 hr collections, small stacks of rough endoplasmic reticulum (RER) , composed of 5 to 10 cisternae, were seen in cells throughout the apex (Fig. 19) . Several stacks were often visible in one plane of section through • , , , , , , , , , , , , , The nucleoplasm appeared uniformly granular and stained lightly in the 48 and 56 hr collections (Fig. 20) . Heterochromatic clumping began after the first mitoses, which started at about 52 hr. Increasing amounts of heterochromatin were seen at 65,72, and 108 hr ( Fig. 21) . At 168 hr (Fig. 22 ) the nuclei were very heterochromatic.
Fibrillar and light-staining regions (Jordan and Chapman, 1971 ) could be identified in the nucleoli. Nucleolar-associated chromatin, adjacent to the nucleolar organizer, was usually evident in the heterochromatic nuclei (Fig. 23 ). Clusters of ribonuclear protein granules (RNP) were often seen in the nucleoplasm of the euchromatic nuclei but less frequently in heterochromatic nuclei. During late telophase prenucleolar bodies (Lafontaine, 1958) were observed (Fig. 24 ). Qualitative changes in organelles are summarized in Table 2. DISCUSSION-Light microscope observations substantiate the general pattern of development shown in previous works on leaf initiation in embryos of the Pinaceae: apex enlargement from cell enlargement only; mitotic resumption in the peripheral region, spreading acropetally; further apex enlargement by the enlarging daughter cells from the above-mentioned mitoses; digestion of protein bodies, and appearance of leaf primordia on the flank of the apex between cotyledons (Allen, 1947; Unger, 1953; Chouinard, 1959; Tepper, 1964; Gregory and Romberger, 1972; Riding, 1972 large, imbibed nuclei, which is just what we found. However, in his discussion he argued in favor of an increase in apparent DNA content (Feulgen) correlated with increased nuclear areajust opposite of what he proposed in his results.
One possible, but apparently not yet demonstrated, reason for the loss of staining during the first 24 hr has been suggested by Commoner (1964 ) -sequestration of the DNA, itself, into metabolites. This interpretation implies that there may be a higher DNA value than the 2 C amount at dormancy and that the 2 C value was reached at 24 hr only after the "extra" DNA, perhaps repeated nucleotide sequences, was metabolized and perhaps utilized for RNA synthesis during the first 12 hr.
The population profiles from the probit analyses (Fig. 6) indicated that there was a single population of nuclei (2 C) until 44 hr, when DNA synthesis had begun, as indicated by a broken line. Brunori and D'Amato (1967) found that nuclei in dormant pine seeds contain only the 2 C amount of DNA. They did not, however, follow changes in DNA content during germination. Recent work by Thomas (1975) showed that the nuclei in the shoot apex of dormant Pinus sylvestris embryos have the 2 C amount of DNA. Miksche (1967) described the mitotic cycle for jack pine and found that the time intervals for interphase were G l-15.3 hr, S-7.6 hr, and G 2-1.4 hr. Mitosis was estimated at 1.4 hr, with a total cycle time of 25.7 hr. The observations in this study agreed remarkably well with the abovementioned times. DNA synthesis (S) was first detected in the 44 hr collection and the first mitosis was observed at 52 hr. If the total time of Sand G 2 is 9 hr (Miksche, 1967) , then DNA synthesis, detected at 44 hr (Fig. 6) , probably began at 43 hr.
The present TEM observations are apparently the first report of a change in nuclear morphology from euchromatin to heterochromatin in the embryo during the time of germination and leaf initiation ( Fig. 20-22 ) . Booker and Dwivedi (1973) presented similar evidence in mature plants of Tradescantia paludosa. The repressed lateral buds of T. paludosa have at their tip a "zone of inhibition" which contains nuclei at the G1 stage of the cell cycle. When dormancy was released, the nuclei, which contained some heterochromatin, become more condensed or heterochromatic just before undergoing the first mitotic division. The jack pine nuclei differed from T. paludsoa nuclei in that no heterochromatin was seen before mitosis, but only after that event. We, of course, cannot be certain that the heterochromatin was not a manifestation of the first prophases. Our data indicate that it was not. The timing of events was repeatable and the appearance of the heterochromatin occurred after the first series of mitoses (beginning at 52 hr) and not prior to them. For IS '" 10.
"""'", """"""" . .""""'",,,.. ,,,,.... ® study. The present results, however, indicate that cytochemical and subcellular changes precede and accompany the appearance of the first whorl of leaf primordia. The regular decrease in Feulgen absorption from 0 hr to 24 hr post-imbibition cannot be accounted for by mitoses, since they were not observed until 52 hr. The nuclei were fully imbibed by 12 hr and increased in volume only 11 % over the dormant size. Since we have adjusted the data to whole nuclei values, this volume increase, while it is significant; cannot account for the 40 % reduction in Feulgen staining by 24 hr. We have observed a similar loss of Feulgen staining during the first 24 hr of germination in whole nuclei from squashed embryo preparations (unpublished data). It is generally accepted that during dormancy compaction of the chromatin results in a decrease in stain intensity; that is, the amount of stain is disproportionate to the amount of DNA (Bryant, 1973) . The physical parameters for this phenomenon have only been speculated upon. In his results, Bryant (1973) showed that dormant onion nuclei have a greater extinction than instance, at 56 hr all nuclei were still euchromatic and this was after the first mitoses occurred. At 65 hr some nuclei were still euchromatic, indicating that they may not have divided yet. It was very possible or probable that the subsequent prophases were related to the manifestation of heterochromatic clumping. Miksche and Hotta (1973) have shown that DNA from 1-week-old root tips in germinating jack pine contained more repeated nucleotide sequences (Britten and Kohne, 1968; Britten and Davidson, 1971 ) than dormant seeds. The TEM observations of the increase in heterochromatin between 48 and 168 hr in this study may be related to the increase in repetitious DNA that Miksche and Hotta (1973) suggested was part of ontogeny. That is, the heterochromatin, in part, may be composed of the repeated nucleotide sequences. Repetitous DNA has been localized in heterochromatin (Arrighi et al., 1970) .
Gymnosperms have a rRNA locus which is generally larger than that in angiosperms (Hotta and Miksche, 1974) and, therefore, have the potential for producing large amounts of rRNA quickly. This is demonstrated in this study by the significant increase in RNA staining between 0 and 12 hr. There is undoubtedly a positive correlation between the large rRNA locus and the large (up to 8) number of nucleoli per gymnosperm nucleus (Zirkle, 1931) .
The drop in RNA content per cell after the 52 hr peak can be accounted for. First, mitosis began at 52 hr and subsequently increased. The increasing number of cell divisions would result in a population of daughter cells containing half the amount of RNA found before mitosis. Therefore, by measuring random cells, the overall mean value would be reduced. Second, and structurally related to the mitoses, the nucleoli and nucleolar organizer regions, which are the sites of ribosomal RNA synthesis (Gall and Pardue, 1969) , are dissociated during the mitotic cycle (Lafontaine, 1958) . Thus, the inhibition of rRNA synthesis within the nucleolus would also contribute to a lower per-cell value. As in Vida faba (Jakob, 1972) the bulk of RNA was synthesized during G1 and early S of the DNA mitotic cycle.
Our cytophotometric measurements of RNA from single cells of squashed meristems had standard errors of approximately 5 % (Table 1) , which indicated that cells from different regions of the meristem appeared to be in similar metabolic states. This is supported by previous work on meristems of germinating jack pine (Durzan, Mia, and Ramaiah, 1973; Mia and Durzan, 1974 ) and on other plants (West and Gunckel, 1968; Lyndon, 1970; Cecich, Lersten, and Miksche, 1972) . Mia and Durzan (1974) labelled apices of germinating jack pine with uracil-5-3H and, at 96 hr post-imbibition, showed that heavy labelling due to RNA synthesis occurred in most cells of the meristem, with only lesser amounts in the subapical region. They further demonstrated that the radioactivity from the uracil was localized mainly over areas staining strongly for RNA. Fosket and Miksche (1966) and Riding and Gifford (1973) also demonstrated, via enzyme histochemistry, that the apical initials and central mother cells were metabolically active.
There are four possible interpretations for the protein measurements from 0 to 36 hr. A treatment error may have influenced the significantly lower mean value at 12 hr. This could imply that the identical stain measurements at 0, 24, and 36 hr were due to either (1) no change in protein content during that time span, or (2) that a loss of stain, perhaps from protein turnover or digestion of protein bodies, might be equal to the increase in staining caused by protein synthesis, thus making the values appear equal. Another possibility is that the 0 hr mean is an error and, perhaps, should be lower than the 12 hr value. Then, protein synthesis would lag behind RNA synthesis. For example, Rejman and Buchowicz ( 1971) determined that during wheat germination the order of macromolecular synthesis was RNA, protein, and DNA. The third alternative is more "biologically appealing" and, also, followed the same pattern as noted in the DNA measurement, i.e., the dormant value was higher. A fourth possibility is that the measurements were correct and there was a loss of proteins at 12 hr with a subsequent increase by 24 hr.
There was no reduction in the number of lipid bodies per cell from 48 to 65 hr. At 72 hr no "oil (lipid) body vacuoles" (Horner and Arnott, 1966) were observed, even though there was a reduction in the number of lipid bodies per cell. This may be the result of several conditions. Although a unit membrane was seen surrounding the lipid bodies, it may not be a "true" membrane but just an interface. Therefore, as the lipids were metabolized, no residual vacuoles would be found. We never observed the coalescence of lipid bodies, as reported by Durzan, Mia, and Ramaiah ( 1971 ) . Lipid body degradation may occur after the first leaves are initiated, i.e., about the first 72 hr post-imbibition. In one 72 hr collection, many lipid bodies appeared to be in various stages of degradation, as indicated by myelin-like figures within them (Fig. 10, 11) . These were seen at almost all collection times, but only as occasional, random occurrences. Chafe and Durzan (1973) observed similar myelin-like figures in tannin bodies of white spruce cell suspension culture, but felt that they may be "absorbed" by the tannin body rather than originate within it. Another possibility is that the reduction of lipid bodies per cell may be a result of cytokinesis. That is, the lipid body content per cell may be subdivided with every cell division, even though the content per embryo may not change. Lipid reserves may not be utilized during germination when growing conditions are optimal, such as having plenty of water. If this is the case, lipids would truly be a reserve material, being utilized only under stress conditions, e.g., when water is lacking. Kao (1973) and Ching (1966) have shown that in pine and fir seeds, the embryo showed no change in fat content during the first 15 days of gennination.
These observations also lead us to speculate about the activity of lipase during germination. Perhaps there was little or no activity or there may be a missing cofactor which is limiting the lipolytic activity. Ching (1968) found that the lipolytic potential appeared to be high in dry seed, but that little lipolysis occurred then. Her results were similar to Nyman's (1965a, b) , in which lipase activity was found histochemically in dry embryos.
The abundance of lipid bodies can present a problem to the light microscopist who is unaware of their presence. Lipid-containing cells could easily be mistaken as vacuolate (Rickson, 1968) . This was exemplified in jack pine (Fig. 12) where clusters of lipid bodies, not resolvable with the light microscope, could appear as vacuoles, since the lipid would be extracted with most light microscopic fixatives and the resulting "void" would not stain. Nyman's (1965b) account of a continous, sudanophilic phase between aleurone grains was undoubtedly an example of nonresolvable lipid bodies.
Similarly, Riding and Gifford (1973) stated that lipids stained intensely only in the surface cells of the dormant Pinus radiata shoot apex and not in the remainder of it (their Fig. 23) . The results of this study and those of Mia and Durzan (1974) indicated that the reduced staining of lipids in the subapical region was probably caused by the relative abundance of large protein bodies in those cells and the reduction of lipid per volume of cytoplasm.
Two morphological events occurred at about the same time just before the appearance of the leaves-the stacks of RER (Fig. 19 ) and the starch grains per plastid were at a minimum (Fig.  18 ). Support for this observation is given by Riding and Gifford (1973) who observed that during needle initiation in Pinus radiata, starch content decreased in all surface cells of the apex. In barley aleurone cells stacks of RER have been implicated in a-amylase synthesis and secretions (Vigil and Ruddat, 1973) . Perhaps the stacks of RER in jack pine also produced a-amylase and
